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Does nectar production reduce herbivore 
pressure on Passiflora species (Passifloraceae) in a 

tropical rainforest in Costa Rica? 

Puede la production de nectar reducir la presion 
de herbivoria en especies de Passiflora (Passifloraceae) en un 

bosque tropical de Costa Rica? 


Maria Thurner & Veronika Mayer 


Abstract: Mutualistic ant-plant associations are common and important elements of tropical ecosystems. The most common ant- 
plant associations are loose mutualisms due to the presence of extrafloral nectaries (EFN). Such loose mutualisms are also found 
in the genus Passiflora. From some EFN-bearing Passiflora species, it is already known that ants help to significantly diminish her¬ 
bivore pressure. It is not known (1) whether Passiflora plants react to herbivore damage with differences in nectar production to 
attract more ants, (2) if shoot growth depends on ant presence, and (3) to what extent Passiflora species with EFN rely on ants as 
defence against herbivores. To this end, observations were performed on eight different Passiflora species which differ in EFN num¬ 
ber and size and in the quantity of nectar production. Exclusion experiments and observations of ant activity and nectar produc¬ 
tion with and without disturbance events were used to clarify the open questions. Results show that the presence of EFNs has an 
influence on the fitness of some Passiflora species and that nectar production and ant activity change after artificial injuries in 
most of the species observed. The results show further that EFN-bearing Passiflora species profit from the facultative relation with 
the ants present in a given habitat and have established a good balance between costs and benefits resulting from the mutualism. 
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Resumen: Interacciones mutualistas entre hormigas y plantas son elementos comunes e importantes en los ecosistemas tropica- 
les. La asociacion mas comun entre hormiga-planta son mutualismos difusos debido a la presencia de nectarios extraflorales 
(NEF). Este tipo de mutualismo difuso tambien se encuentra en el genero Passiflora. Se conoce de algunas especies de Passiflora 
que llevan NEF, que las hormigas ayudan a disminuir en un elevado porcentaje la presion de herbivoria. No se sabe si (1) las plan¬ 
tas reaccionan al dano por herbivoria con diferencias en la produccion de nectar para atraer mas hormigas, (2) el aumento de lon- 
gitud depende de la presencia de las hormigas, y (3) hasta que punto las especies de Passiflora con NEF necesitan a las hormigas 
como defensa contra la herbivoria. 

Para encontrar respuestas a estas preguntas se hicieron observaciones en ocho diferente especies de Passiflora que difieren en el ta- 
mano, posicion y numero de NEF, en un bosque tropical en Costa Rica. Experimentos de exclusion y datos sobre la actividad de 
las hormigas y la produccion de nectar con y sin interrupciones fueron utilizados para responder estas preguntas. Los resultados 
muestran que la presencia de NEF tiene una cierta influencia en la aptitud de algunas especies de Passiflora. y que la produccion 
de nectar y la actividad de las hormigas cambia despues de danos artificiales, aunque no esta correlacionada positivamente en to- 
das las especies observadas. Los resultados muestran que las especies de Passiflora relacionadas con NEFs se benefician de la rela- 
cion facultativa con las hormigas presentes en un habitat particular y han establecido un buen equilibrio entre costo y beneficio 
en el mutualismo. 

Palabras clave: Passiflora , interacciones mutualistas, hormigas. 

Introduction 

In their natural environment, plants always suffer 
the stress of herbivory. During evolution, herbivore 
pressure has been the driving mechanism for plants to 
invest in defence strategies (HOWE & WESTLEY 1988). 


Those strategies include chemical and mechanical de¬ 
fence or combinations of them (THOMSEN 1997, BRAGE 
et al. 2002). Ant partners are one strategy used by plants 
to reduce herbivore pressure. A number of studies have 
already shown the positive effects of ants on plants 
(Benson et al. 1976, Bentley 1976, 1977a, b; Koptur 
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Fig. 1: (a) EFN of the leaf margin of P. edulis under the microscope. Note the clearly cup-shaped form, (b) Lower surface of a young leaf 
of P. megacoriacea. EFNs are embedded in the surface and high rates of nectar production could be observed most of the time, (c) Ants 
searching and sucking nectar from a fresh shoot of P coccinea. The youngest shoots need the greatest protection, so nectar has to be 
produced continuously. 


1979; Stephenson 1982; Horvitz & Schemske 1984; 
Kelly 1986; Koptur et al. 1998; De la Fuente & Mar- 
QUIS 1999), but interspecific interactions differ widely in 
such mutualisms (HOWE & WESTLEY 1988, CRONIN 
1998). The intensity of protection depends on the local 
ant abundance and composition in the habitat (BENTLEY 

1976, Inouye & Taylor 1979, Barton 1986, Horvitz 
& SCHEMSKE 1990), and not every ant species provides 
the same level of protection. Some are highly protective, 
while others do not show any aggressiveness against her¬ 
bivores (Horvitz & Schemske 1984, Rico-Gray & 
Thien 1989, Vanderplank 1996). 

Facultative mutualisms are much more common 
than obligate ones in nature (HOWE & WESTLEY 1988). 
Plants and ants may have evolved in the same ecosys¬ 
tem, but each partner can survive without the other be¬ 
ing present. Facultative ant-plant mutualisms very often 
involve guilds of ants. The anti-herbivorous effect of 
the different ant species can range from highly efficient 
to non-beneficial for the plant due to the low aggres¬ 
siveness of the attracted ant partner. Plants which rely 



Fig. 2: (a) Ants sucking nectar from the 
basal petiole EFN of a young shoot of P. 
vitifolia. (b) Ant searching for nectar on 
a fresh shoot of P menispermifolia. 
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on the protection by ants must constantly invest in at¬ 
traction, because ants also use other food resources, such 
as hymenopteran-derived liquids or other plant saps 
(HOWE & WESTLEY 1988). A common structure to at¬ 
tract ants is the development of so-called “extrafloral 
nectaries” (EFNs), specialised glands that can usually be 
found on the adaxial, abaxial or lateral parts of the leaf 
blade, the rachis, petiole, bracts, stipules, calyx or fruits 
(]OLIVET 1996). EFN-bearing plants are widespread and 
are known to occur in more than 90 families of flower¬ 
ing plants worldwide. The spectrum of EFN-bearing 
plant species found in a specific habitat has a great in¬ 
fluence on the species composition of ants, their abun¬ 
dance and their interactions on the community scale 
(BLUTHGEN et al. 2000, 2004). In turn, the community 
influences the evolution of EFNs (VANDERPLANK 1996, 
Rudgers & Gardener 2004). Ants that utilise ex- 
trafloral nectar may have the opportunity to discrimi¬ 
nate among a wide variety of nectar sources, resulting in 
variation in the ant attention EFN plants receive (AP¬ 
PLE & Feener 2001). 

Extrafloral nectaries with different structures and 
placements are found in Passiflora species (Passiflo- 
raceae) (Fig. 1 and 2). In Costa Rica, Smiley (1986) 
found that R quadrangularis was visited by 15 different 
ant species and P. vitifolia by 20 species. APPLE & Feen- 
ER (2001) found no mutual benefits between three EFN- 
bearing Passiflora species (P. auriculata, P. biflora, P. oer - 
stedii) and the ants visiting them, whereas LABEYRIE et 
al. (2001) showed that herbivory increased significantly 
in Passiflora glandulosa when ants were excluded artifi¬ 
cially. In the present study, we investigated eight differ¬ 
ent Passiflora species with morphologically different 
nectaries and different attractiveness to ants in a tropi¬ 
cal lowland rainforest in Costa Rica. The effect of ants 
on leaf development and growth rates of the young 
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shoots was examined in exclusion experiments. Ant at¬ 
tendance at day and night time, the ants’ behaviour and 
nectar production after artificial injuries was observed 
in order to factor out the impact of the nectaries on the 
plants’ fitness. 

Material and Methods 

The experiments and observations for this study 
were conducted at the “Estacion Tropical La Gamba” in 
the Golfo Dulce region on the southern Pacific coast of 
Costa Rica. Eight Passiflora species (P. coccinea, P. dispar, 
P. edulis, P. lobata, P megacoriacea, P. menispermifolia, R 
quadrangularis, P vitifolia) of the surrounding forest and 
the garden were included in the study. 

Due to their common growth form as a liana, it is 
quite difficult to distinguish one Passiflora individual 
from another, because the lateral shoots have large ex¬ 
tensions up into the canopy of the rainforest.Young 
shoots were therefore characterised as “patches” (de¬ 
fined as the part between the shoot tip and the fourth 
fully opened leaf) at the beginning of the experiment. 

Herbivory and shoot increase 

Herbivore pressure on leaves and the increase in 
shoot length were measured in “patches” of six Passiflo¬ 
ra species (P coccinea, P lobata, P. megacoriacea, P. 
menispermifolia, P. quadrangularis, P vitifolia - 6 to 40 
patches per species). Every third to fourth day over a pe¬ 
riod of one month, the leaf surface area was monitored 
and the lengths of the shoots were measured in centime¬ 
tres. To evaluate the impact of ant presence, a pairwise 
comparison was made including shoots accessible to 
ants and those from which ants were excluded with 
Tangle Trap (Tanglefoot company, USA). Previously 
existing connections with the surrounding vegetation 
were removed, along with possible new ones grown 
within the days between measurements because of the 
considerably high growth rates and movements of the 
tendrils. To determine exact information about leaf sur¬ 
face area for further calculations of leaf growth and her¬ 
bivore pressure, the leaves were clamped under metal 
foil and the exact outline, damages and epiphylls grow¬ 
ing on the leaf were plotted with a waterproof pencil. To 
be able to calculate the area of the leaves, quadrats of 
different sizes with defined areas were scanned as well. 
The number of pixels was calculated for the control ar¬ 
eas and pixels to surface area calculated with linear re¬ 
gression between the values. Existing and assumed leaf 
areas were calculated with Adobe Photoshop 7.0 for 
Windows. Differences between existing and assumed 
area indicate the degree of herbivory and were stated in 
percent of assumed leaf area. 


Ant activity and nectaries 

24 -hour activity: The ant activity was observed on 
15 patches of four Passiflora species (P coccinea, P dis¬ 
par, P. quadrangularis, P vitifolia) for 24 hours. The total 
number of ants present on the patches was censused 
half-hourly and during three complete hours (12.00- 
13.00, 22.00-23.00, 03.00-04.00) every five minutes. 
During rainy periods, observations were stopped, be¬ 
cause it is known that ant activity slows or ceases entire¬ 
ly during rainfall (SCHUPP 1986, WlRTH et al. 2001). 
Ants were not identified in the field because of difficul¬ 
ties in identification. Differences in the frequency of ant 
visitation, in the behaviour of the visiting ants, ant ac¬ 
tivity and nectar production on nectaries before/after 
artificial injury were observed. 

Ant activity on nectaries: Differences in the fre¬ 
quency of ant visitation and in the behaviour of the vis¬ 
iting ants were observed for all petiole glands of the 
marked patches of five Passiflora species (P edulis, P. lo¬ 
bata, P. megacoriacea, P. quadrangularis, P vitifolia; all 
species with n = 2 plants except for P vitifolia with n = 
6 ). For 20 minutes, the number of ants present on the 
petiole and foliar glands (leaf blade and margin) and the 
type of ant activity was stated each minute. Hours with 
rain were excluded from the observation intervals. The 
choice of time depended on missing precipitation 
events and this condition was most probable between 
10.00 and 13.00. For this period at least, moderate in¬ 
tensities of ant activity could be assumed. To guarantee 
similar moisture conditions for all observations, meas¬ 
urements were started no less than one hour after rain¬ 
fall ceased. 

Nectar production before/after artificial injury: In 

P edulis and P. lobata, observations were performed both 
before and after artificial injury between 10.00 and 
13.00. Wounds were made by scoring the surface of the 
stem with a razor blade. To avoid loss of nectar caused 
by ants visiting the nectaries, Tangle Trap was used to 
exclude ants from the “patches” included in this part of 
the study. Estimates were used to evaluate the amount of 
nectar produced. It was noted if the nectary was empty, 
partly filled with nectar (1/8, 1/4, 1/3, 1/2, 2/3 or 3/4 
full) or totally filled. 

Ant activity before/after artificial injury: For three 
Passiflora species (R coccinea, R quadrangularis, R vitifo¬ 
lia, all n = 4), the ant activity on nectaries before/after 
artificial injury was documented. Three-hour observa¬ 
tions were performed both before, and after the injury 
between 10.00 and 13.00. Damage comprised scoring 
the surface of the stem with a razor blade. The ant ac¬ 
tivity was documented every five minutes during the 
first hour after the injury was made and every 15 th 
minute during the following two hours. 
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Herbivory over one month 


Fig. 3: Differences in 
herbivore pressure of 
Passiflora species kept 
with/without ants 
over a period of one 
month. All species 
except P. 
quadrangularis show 
increased herbivore 
pressure when ants 
were excluded, some 
of them significantly 
high . X: first letters 
of species, no = 
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Li 


JL 


meg meg no men men no qua qua no 


without ants. Y (two-segmented!): mean percentage of 
herbivory (given in % of leaf area loss) over the observation interval of one 
month. Error bars give standard deviation. (** P < 0.005; *** P < 0.0005). 


Statistics 


O. 003, n = 6; P. vitifolia P = 0.025, n = 40) showed sig¬ 
nificantly increased herbivory over the observation pe¬ 
riod of one month when ants were excluded (Fig. 3). In 

P. menispermifolia, herbivory was increased but not sig¬ 
nificantly (P = 0.498, n = 11). In one species, P. quad- 
rangularis, damage caused by herbivores was higher, de¬ 
spite the presence of ants. 

Growth rates of the shoots were significantly higher 
when ants were present in two species (P. coccinea P = 
0.0003, n = 6; P. quadrangularis P = 0.002, n = 9), while 
in the other species (P. megacoriacea P = 0.55, n = 2; P. 
menispermifolia (P = 0.11,n = 3;P. vitifolia P = 0.17, n = 
11) there was an obvious but not statistically significant 
trend towards increased fitness when ants were present. 
In contrast, P. lobata grew better when ants were absent 
(P = 0.001, n = 2), but as only two specimens were ob¬ 
served, this may be an artefact. 


A paired t-test was used to test for significant differ¬ 
ences in the shoot length increase between plants kept 
with ants and those where access was denied, and to test 
differences of ant behaviour towards nectaries, ant ac¬ 
tivity before/after injuries and nectar production be¬ 
fore/after injuries. All statistical analyses, unless other¬ 
wise indicated, were performed using GraphPad Prism 4 
for Windows. 


Results 

Herbivory 

The experiments to test whether herbivore pressure 
and increase in shoot length showed differences be¬ 
tween shoots accessible to ants and those where ants 
were excluded resulted in a clear trend towards en¬ 
hanced herbivory on leaves with ant exclusion (Fig. 3). 
Four of the six Passiflora species (P. coccinea P = 0.0002, 
n = 25; P. lobata P = 0.0007, n = 13; P. megacoriacea P = 


Fig. 4: 24-hour ant 
activity on different 
parts of the observed 
P vitifolia patches. All 
young parts are 
attended significantly 
more by ants over the 
24 hours than older 
parts. The petioles of young shoots showed a significant difference to older 
ones. X: location with additional letters (y = young, o = old, I = large, s = 
small). Y (two-segmented!): mean number of ants over the observation 
interval. Error bars give standard deviation. (** P < 0.005; *** P < 0.0005). 



Ants and Nectaries 

24 -hour activity: In two of the four Passiflora 
species, a significant difference was found in the ant 
abundance on young parts compared with older parts of 
the shoots (P. coccinea P = 0.033, n = 3; P. vitifolia P = 

O. 0006, n = 4, Fig. 4). The maximum number was 18 
ants in young shoots and 17 ants in older shoot parts of 

P. coccinea , and 23 in young and 15 in older shoot parts 
of P. vitifolia . In P. dispar (n = 4) and P. quadrangularis (n 
= 4), maximum ant abundance on young shoots was 1 
and 3 ants, respectively, and 2 and 3 ants respectively in 
older parts; no part differed significantly in overall ant 
attendance from the other. The decrease of ant activity 
on P. coccinea between 14.00 and 17.00 and on P. dispar 
and P. quadrangularis between 15.30 and 16.30 was due 
to heavy rains. It is known that ant activity slows down 
or even stops during rain (WlRTH & Leal 2001). 

In P. vitifolia , we also investigated the exact position 
of ants on the shoot. Most significant of all were the dif¬ 
ferences between young and older petiole (P < 0.0001) 
and stem (P < 0.0001) followed by the leaf blade (P = 
0.006). When examining the large basal EFNs (Fig. 6 
a,b) and the small EFNs located in the middle of the 
petiole more closely, more ants were present on the 
large basal EFNs (EFN large P = 0.024; EFN small P = 
0.04). 

Ant activity on nectaries: It was observed that ants 
behave differently towards the EFNs of the five Passiflo¬ 
ra species. Two types of behaviour have been distin¬ 
guished - drinking and “searching” (only antennating 
the nectary ). In three out of five species, the drinking 
activity was significantly higher than the searching ac¬ 
tivity (P. edulis P = 0.035, n = 2; P. lobata P < 0.0001, n 
= 2, P. vitifolia P < 0.0001, n = 6; Fig. 5). In P. megacori¬ 
acea , no significant difference could be found (P = 
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O. 079), while in P. quadrangularis, searching exceeded 
drinking activity (P = 0.4077). 

Nectar production before/after artificial injury: 
Measurements of the amount of nectar produced within 
the hour before and the hour after injuries inflicted ar¬ 
tificially with a razor blade were performed, in order to 
explain increased ant activity after artificial wounding. 

P. edulis (P = 0.03, n = 9) and P. lobata (P = 0.04, n = 
10) showed significantly increased nectar production on 
petiole glands after injury. Glands on the leaf margin in¬ 
creased their nectar production significantly in P. edulis 
(P = 0.03). The other species did not (or only slightly) 
increase their nectar production. 

Ant activity before/after injury: To observe possi¬ 
ble changes in ant assemblage caused by injuries, ant ac¬ 
tivity was measured over a period of three hours before 
and after artificial injuries were made (Fig. 6). In the 
hour after the wounding, ant activity increased signifi¬ 
cantly in all three species investigated (P. coccinea P = 
0.0033; P. quadrangularis P = 0.001; P. vitifolia P = 0.002; 
all n = 4). Three hours after the artificial injury, ant ac¬ 
tivity was still significantly higher in P. quadrangularis (P 
= 0.001) than on plants which suffered no damage. In 
the other two species (P. coccinea P = 0.23; P. vitifolia P 
= 0.16), ant activity decreased within this time interval. 
In P. vitifolia, ant presence was very high on the stem, 
followed by the petiole; in contrast, activity on the leaf 
blade and tendril was very low. In P. quadrangularis, ant 
activity on nectaries was generally low. 


Discussion 

Herbivory 

In facultative mutualisms, it has been demonstrated 
that the association of plants with ants reduces herbi¬ 
vore pressure, e.g. in Leonardoxa africana (Gaume et al. 
1997), Stryphnodendron microstachyum (De la Fuente & 
MARQUIS 1999) and Catalpa bignonioides (Ness 2003). 
Another good example of facultative relationships be¬ 
tween plants and ants is the genus Passiflora . Several 
Passiflora species have already been studied and some of 
them show adaptations that point towards facultative 
mutualisms with ants (APPLE & FEENER 2001, LABEYRIE 
et al. 2001). Negative correlations between ant atten¬ 
dance and herbivore pressure or presence of herbivores 
have been verified in P. incarnata (McLain 1983), P. 
glandulosa (LABEYRIE et al. 2001) and P. coccinea (Leal 
et al. 2006), and APPLE & FEENER (2001) investigated 
how the presence of nectaries may contribute to varia¬ 
tion in ant visitation. Hairiness also seems to play a role 
in defence against herbivory for Passiflora species 
(BRAGE et al. 2002). In this study, the aim was to find 
out whether any connection exists between ant activity, 


Fig. 5: Differences 
between drinking 
and searching 
activities of ants on 
petiole nectaries of 
five Passiflora species. 
X: first letters of species with additional letters (d = drinking, s = searching). Y 
(two-segmented!): mean number of ants over the observation interval. Error 
bars give standard deviation. (** P < 0.005; *** P < 0.0005). 

herbivory, increases in shoot length, and nectar produc¬ 
tion in extrafloral nectaries (EFNs). 



In all species investigated in this study except P. 
quadrangularis, herbivore pressure increased when ants 
had been excluded from the shoots. In P. coccinea and P. 
lobata, this effect was very significant. P. coccinea seemed 
to be especially well protected by ants, because ant activ¬ 
ity increased significantly after artificial injury. LEAL et 
al. (2006) stated that the attractiveness of P. coccinea to 
a wide spectrum of different ant species affords it good 
protection against herbivores. P. megacoriacea showed 
less herbivory and increased shoot length when access 
was given to the ants, but nectar production did not rise 
after artificial injury. Nectar production was generally 
high in this species and therefore the increase after in¬ 
juries might not have been cost-effective. Surprisingly, 



Fig. 6: Curves of ant 
activity three hours 
before/after artificial 
injury on three 
Passiflora species. On 
injured shoots 
(yellow), ant activity 
was slightly higher 
than on those 
without injury 
(green). Graphics: first 
letter of species, inj = 
with injury. Y 
(different maxima!): 
number of ants 
present. 
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in P. q uadrangularis, herb ivory was even higher when 
ants had access to the shoot. This could be due to the 
fact that in the exclusion experiments with Tangle Trap, 
apart from ants, walking herbivores like caterpillars and 
leaf cutters were also excluded. In a study by Brage et al. 
(2002), P. quadrangularis was the species which was eat¬ 
en the most among the five Passiflora species investigat¬ 
ed. His explanation was the comparatively low level of 
ant visits that had also been observed by SMILEY (1986) 
and ourselves. We further observed that after artificial 
injury, the number of ants present on P. quadrangularis 
individuals remained very low, although nectar produc¬ 
tion increased slightly. On the other hand, shoot growth 
increased when ants were present. P. quadrangularis is the 
only species lacking EFN on the blade or margin, which 
could lead to a lack of protection in these parts and ex¬ 
plain the increased herbivory on the leaf blade. Though 
not investigated experimentally, the morphologically 
different types of nectaries, varying amounts of nectar 
produced, differences in nectar composition and differ¬ 
ences in the ants’ preference (LANZA 1988, 1991) could 
be additional explanations for varying ant attendance on 
Passiflora species. 

In the present study, no aggressive behaviour against 
herbivores could be observed although other studies 
have found differing degrees of ant aggression, ranging 
from disturbance of herbivores to direct attacks by the 
ants (Swift et al. 1994, Apple & Feener 2001, Leal et 
al. 2006). It can therefore be assumed that the presence 
of ants on the leaf blade and petiole increases the distur¬ 
bance of herbivores and acts as a deterrent to herbivores. 
During the 24-hour observations, a significant difference 
in ant presence between young and older plant parts 
could be seen in P. coccinea and P. vitifolia. These results 
show the better protection of the young, more vulnera¬ 
ble parts, which was also reported from other myrmeco- 
phytic plant species (Heil et al. 2000). However, P. loba- 
ta did not seem to suffer increased herbivory or dimin¬ 
ished length increase when ants were excluded. This in¬ 
dicates that in some species, ants may provide a certain 
protection, but other defence strategies, such as the com¬ 
bination of chemical and mechanical defence (AGRAW- 


AL et al. 1998, 2006) may also exist. Habitat conditions, 
local ant composition, the rate of ant visitation and their 
preference for a certain food source may have a large in¬ 
fluence on plant development (BRONSTEIN 1998, 
Oliveira et al. 1999, Apple & Feener 2001). 

Ants and Nectaries 

In all eight Passiflora species investigated here, EFNs 
of the young leaves produced the highest amount of 
nectar. Nectaries of the petiole started to produce nec¬ 
tar before the corresponding leaf was unfolded. EFNs of 
the blade or margin started their nectar production a lit¬ 
tle later when the corresponding leaf was fully expand¬ 
ed and access for ants was easier. Heil et al. (2000) in¬ 
terpreted this as an adaptive pattern, as the youngest, 
still unfolding leaves suffer most from herbivory and 
need the highest protection (McKey 1974, RHOADES 
1979). Adult leaves are tougher, more fibrous and have 
incorporated more secondary compounds which are of¬ 
ten toxic to herbivores (Beattie 1985). Passiflora 
species are known to incorporate saponins, alkaloids, 
and cyanogenic or phenolic substances (VANDERPLANK 
1996) as one defence strategy and investment in nectar 
may therefore be useless. The fact that, during the 24- 
hour observation, the ant presence was higher on the 
younger plant parts than on older parts in three out of 
four species (R coccinea, P. dispar, P. quadrangularis, P. vP 
tifolia), also points towards this explanation. In all 
species studied, petiole glands were larger than those on 
the blade or margin, suggesting that the amount of nec¬ 
tar produced was higher on the petiole; this may be the 
reason why most of the observed ants were found on 
petiole glands, even if the nectaries of blade or margin 
were also producing nectar. In old EFNs, no nectar pro¬ 
duction could be observed because of damage (perhaps 
due to contact with the sharp mandibles which injure 
the smooth cells over time) and high fungal cover. 
When nectar was produced, the drinking activity of 
ants exceeded their searching activity. The only excep¬ 
tion was R quadrangularis - in this species, the searching 
activity exceeded drinking activity, probably due to the 
low volumes of secreted nectar. Nectaries of this species 


Table 1: The relevance of different factors for the positive relationship between the experimentally used 
Passiflora species and the associated ants. (- negative/absent; ± neutral/more or less; + positive/present). 


species 

coc 

dis 

edu 

lob 

meg 

men 

qua 

vit 

Hairyness 

- 

- 

- 
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- 

+ 

- 

± 

petiole nectaries 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

nectaries on blade/margin 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

reduced herbivory (with ants) 

+ 

/ 

/ 

+ 

+ 

+ 

- 

+ 

increase in shoot length (with ants) 

+ 

/ 

/ 

- 

+ 

+ 

+ 

+ 

ant activity 

/ 

/ 

+ 

+ 

+ 

/ 

- 

+ 

nectar production (with injury) 

/ 

/ 

± 

± 

+ 

/ 

+ 

+ 

average 

+ 

± 

± 

+ 

+ 

+ 

- 

+ 
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were held at most 15 % of their capacity. Because of the 
lack of sufficient nectar, ants were more likely to search. 

The experiments with artificial injuries confirm the 
findings of SWIFT & LANZA (1993) and SWIFT et al. 
(1994) that extrafloral nectar production is an inducible 
defensive response in Passiflora species. In the present 
study, P. megacoriacea showed the highest secretion rates 
before the injuries, followed by P. vitifolia and P. edulis . 
After the artificial injuries on the stems, nectar produc¬ 
tion of the petiole glands doubled in P. edulis and P. lo- 
bata . In P. quadrangularis , nectar production did not in¬ 
crease greatly, and in P. megacoriacea and P. vitifolia , less 
nectar was produced after injury than uninjured plants. 
Surprisingly, in P. vitifolia and P. megacoriacea, ant activ¬ 
ity increased, although the amount of nectar did not in¬ 
crease compared to undamaged shoots. This may be due 
to a change in the chemistry of the extrafloral nectar as 
a result of damage and therefore the attractiveness for 
ants might have risen. Changes in the volume or chem¬ 
istry of extrafloral nectar in other plant species have 
been found by STEPHENSON (1982), KOPTUR (1989) and 
Smith et al. (1990). In plants of the genus Passiflora, 
changes in nectar chemistry have not yet been demon¬ 
strated . Another explanation for the higher numbers of 
ants could be the attraction of ants by plant volatiles. 
Higher ant recruitment can follow abiotic disturbance 
events, the outflow of plant sap or the presence of green 
leaf volatiles (AGRAWAL & Rutter 1998, BROUAT 2000, 
Mayer et al. 2008). 

Conclusions 

In a concluding table, an overview of the different 
subjects investigated in this study and their importance 
for a positive relation between the experimentally used 
Passiflora species and the associated ants is given (Table 
1). five out of eight Passiflora species profit from their 
association with ants. In P. megacoriacea and P. vitifolia 
the positive effect is specially clear. P. dispar and P. edulis 
are neutral in their relationship with ants, but data for 
herbivory and increase in length need to be added for 
more precise conclusions. Only P. quadrangularis does 
not seem to profit. Increase in length was slightly posi¬ 
tively correlated with ant attendance, but the number of 
ants present was very low compared with the other Pas¬ 
siflora species included in the study. 
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